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ABSTRACT

Seventy-seven subjects were decompressed from air or nitrogen-oxygen

(nitrox) saturation exposures at 18.3 to 40.2 meters sea water (msw)

(60 to 132 feet sea water (fswg)) using four different decompression

schedules. A 20 hour schedule for decompression from an air

saturation-excursion profile at 18.3 msw (60 fsw) resulted in

pain-only decompression sickness (DCS) symptoms in 2 of 23 subjects. A

32 and 35 hour schedule from a different air saturation profile at

19.8 and 22.9 nsw (65 and 75 fsw) respectively, resulted in DCS

symptoms in 1 of 24 subjects. A third and fourth schedule for air or

nitrox saturation at 40.2 msw (132 fsw) resulted in DCS symptoms in 3

of 12 and 1 of 18 respectively.-No serious (type !I) symptoms were

observed as a result of any of the decompressions. A'l OCS cases

consisted of knee pain occurring either in the last 3 msw of the

decompression, or shortly after surfacing. Doppler ultrasound

monitoring revealed venous gas emboli (VGE) in several subjects, but

generally only shallow to 6.1 msw (20 fsw). Results demonstrate an

overall DCS incidence of 9%, and all cases were pain-only and

localized to the knee. !The third schedule (US Navy heliox saturation

decompression schedule) appears to produce a higher incidence of DCS

than the other schedules when used in air or nitrox exposures.

Differentiation between the schedules designed for nitrox was

impossible due to the limited number of subjects in each and the

vicri;'l nature of the exposures.

. r':DE:: Y [S: d i: n-ij; hj:ians; dKco;ipr:;sion; inert 9--s; saturntion,
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A contusing array of decompression schedules for saturation on air

or nitrogen-oxygen (nitrox) mixtures at increased ambient pressure has

been formulated and tested over the past 20 years (1-9). The incidence

of decompression sickness (DCS) has varied widely depending on

individual susceptibility and characteristics of the particular

exposure. Attempts to apply existing data to decompression schedule

formulation have been complicated by widely varying pressurization,

excursion and atmosphere profiles. Moreover, since much decompression

information never reaches publication, subsequent analysis must rely

on hearsay or inadequate data. To formulate sound schedules, and more

thoroughly understand the physiology of saturation decompression, a

large number of decompression trials with a variety of environmental

conditions is required. To this end, this report is a detailed

description of the conditions and results of air saturation

decompressions occurring at this laboratory in the course of

experiments over the past 7 years. This is not intended to be a

comprehensive investigation into the theory and physiology of air

saturation decompression, nor is it intended to promote the use of the

described schedules. Rather, it is intended to add to the body of

knowiledge of how humans tolerate decompression from air saturation

LI . cl variety of conditions.
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MATERIALS AID METHODS

Subjects

The subjects for these exposures were active duty or reserve Navy

divers. Subjects were not used more than once and no subject had been

exposed to elevated pressure for at least 2 weeks preceeding the

saturation exposure. Subject physical characteristics for each series

of experiments are shown in Table 1. No significant differences in

Le these characteristics existed between the groups of subjects.

Facility

All saturation exposures were performed in the main hyperbaric

chamber of the Environmental Simulation Facility located at the Naval

Submarine Medical Research Laboratory in Groton, Ct. The chamber was

of double lock design, steel construction and was man certified to 107

msw (350 fsw). The diameter measured 2.8 m, the inner lock being 4.6 m

in length and the outer 3 m. Separate life support systems for each

lock controlled CO2 , temperaure and humildity. CO2 was monitored

continuously in each lock by Beckman 864 analyzers and averaged 0.06 +

.02 7- for all exposures. Oxygen was monitored by Beckman 755 analyzers

and was maintained at plus or minus 1% of the desired value by

Teledyne 323 controllers. Temperature was ajusted to subject comfort

c rv: .vragod 25.3 + 0.9 degreos Celsius. All trave _ during

,'2 .... a :;. on ....... occu .... in 0.3 ms;; (I ... ) incrcr-'nts. Diet w.Iao not
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controlled or limited. Sleeping habits w-re generally not altered.

Medications were discouraged and rarely used. Occasionally,

acetaminophen, topical antifungal preparations, antacids,

pseudoephedrine and topical decongestants were used. Analgesics were

not administered during decompression. Activity levels generally

consisted of unhurried movement about the chamber (exercise studies

discussed below). Scientific procedures consisted of spirometry, other

non-strenuous breathing tests, blood draws, special sensory tests

(vision, hearing), psychomotor tests, EEGs, ECGs and the like. No

oxygen breathing was included in any of the decompression schedules.

I

Decomoression monitoring

Adequacy of decompression was gauged primarily by reported and

elicited symptomatology. Symptoms were divided into conventional

categories: pain only symptoms (type I) and multisystem or serious

symptoms (type II). Treatments were individualized, but generally

followed the guidelines of the US Navy Diving Manual (10). Only

symptomatic subjects were treated. Treatment details are described

with the results. Precordial monitoring for right heart venous gas

emboli (VGE) using doppler ultrasound was carried out at regular

intervals (every 3 to 6 nsw) during the decompression in schedules 2

and 4 only. A Sodelec D.U.G. unit with probe was used for the signal

generation, and the Kisman-Masurel scoring scheme (11) was used for

* nar , is5 • of the signals. In this system, two scores are reoorte - one

4 ;r:snt rng the VGZ score with the subject standing at rest, and the

,*'* .-. * *series. of dn k. D



4 4

'cores were calculated f6r each depth, including only those subjects

in whom VGE were detectz:.

Statistics

Schedules were compared on the basis of the presence or absence of

DCS symptoms. Two by 2 contingency tables for all combinations were

analyzed by either the Fisher test (12) (for small sample size) or the

chi-square test (for large sample size).

SCHEDULE DESCRIPTION AND RESULTS

Schedule '1

The decompression schedule is shown in Table 21. This schedule is

based on the NOAA 3202 1-value matrix, assuming that the 480 minute

half time tissue is the rate limiting compartment (2). This

decompression was used for two series of air saturation exposures

(AIRSAT 1 and 2), with a total of 23 subjects. The storage depth was

12.3 msw (60 fsw), and daily excursions to 30.5 ms., (100 fsw) or 45.7

mzw (150 fsw) were made as shown in Fig.lA & B. Fifteen hours and 45

minutes elapsed between the 30.5 msw excursions and 19 hrs and 20 min

etw;een the 45.7 msw excursions. On each excursion, the subjects

, .:e~c isJ on -i bicycle ergometer for 30 minutes at approximately 75%

or '. ;:ir, c-.ic *.No udcompr ;s.ion srnpto.s resulted from anv of

*1 :: ; s o s i th * : *:,. ,: r*. nt

4.
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The final decompression began about 44 hours after the final

excursion in AIRSAT 1 and 47 hours after the final excursion in AIRSAT

2. Twenty-three subjects decompressed using this schedule. One subject

(AIRSAT 1) was classified as having type I decompression sickness.

Briefly, this subject noted mild, deep seated right knee discomfort on

awakening at 1.8 msw (6 fsw), which then increased to moderate levels

on reaching the surface. A similar pain had begun to appear in the

left knee by the time recompression therapy was initiated (about 30

minutes after surfacing). Complete relief of the left knee discomfort

and 90% relief of the right knee pain was achieved in the first 10

minutes of treatment. To minimize further oxygen stress, the second

oxygen period at the 18.3 msw (60 fsw) level was eliminated, and the

remainder of a standard U.S.Navy Treatment Table 5 (TT5) was

co:rpleted. Complete relief of all symptoms with no recurrence was the

final outcome.

One other subject (AIRSAT 2) reported a feeling of discomfort in the

left knee about 3 hours after reaching the surface, but it resolved

after several hours with no treatment. None of the other 21 subjects

reported sympto's during or subsequent to the decompression. Doppler

monitoring was not performed during this series.

=2

*:2
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R k(PiO2 ) (1)

where R is the rate of ascent in msw/hr, PiO 2 is the inspired oxygen

partial pressure in ATA, and k is 1.83 (6 for R in fsw/hr)(13). Since

the breathing media for this schedule was air, the PiO 2 decreased as

the depth decreased. To satisfy equation (1), the ascent rate also was

reduced. For convenience, the ascent rate was reduced at 3 msw (10

fsw) intervals to the rate required by the lowest PiO 2 in the

interval.

Schedule ,2 was used for a series of 8 exposures (the SUFU-X

experirments), each with 3 subjects. The atmosphere was air .througnout,

and excursions to the surface were included (see Fig.1C & D). Further

details of these exposures and the ascending excursions is contained

in the references (14). The subjects spent a total of 44 hours at 19.8

*r-sw (65 fsw) (SUREX 1-6, n=l8) , or 22.9 nsw (75 fsw) (SUREX 7-8, n=6),

and the decompression began about 20 hours after completion of the

final ascending excursion. The excursions represented a significant

decomoression stress, and most subjects complained of pruritus and had

detectable VGE during the stirface interval. Four subjects had DCS

symptoms (3 type I and 1 type II) during or immediately following the

excursions. All subjects were asymptomatic prior to initiating the

final cdecompression, and all were decompressed on the sane schedue.

0 o t he 24 suhjects (,not one oF the 4 with DCS sy.-to-s cdui-p

.......................... ans, nt~cc ,-i, d- ate'-] Yft nee p, - a - 3.i
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(2 )-, which was essentially unchanged on arrival at the

3urface. Physical exam was entirely normal. A standard TT6 wa-

;nltiated, and full relief was obtained after the first oxygen

breathing period at 18.3 msw. There was no recurrence.

The number of subjects with detectable VGE and the mean VGE score

for these subjects is shown in Table 3. In schedule #2, no VGE were

detected deeper than 3 msw (10 fsw). The highest VGE score occurred in

the subject with diagnosed decompression sickness (rest grade

2/movement grade 4). The other scores were generally very low.

Schedule 43

This daccrpression schedule used is the U.S. Navy standard

heliurn-o-'ygen (heliox) saturation decompression schedule (10). Because

of t e v'ery low incidence of deconpression sickness associated W-ith

the use of this schedule for shallow heliox exposures, it was believed

that it might be sufficiently conservative to allow safe decompression

from shallow air or nitrox saturation exposures. The ascent rates are

sho-;.n in Table 2. Rest stops are an integral part of this

decompression. The protocol calls for rest stops (no travel) from

2400-0600 and from 1400-1600 independent of the starting time or

depth. Continuous travel occurs at all other times of the day.

% (!, J, .Jo -oS'on ,..as use e :L .... ~ *~--* 1. ~o

1 : " : T t,: ": :U. [.: :" -.' " ' " _:: 9:] A r '  .. .. 2'"

. ". ~



subjects. The pressurization and atmosphere profile is s.own in Fig.lE

and Fig.2A respectively. Daily 5 hour no-decompression e:cursions on

air to 60.4 msw (198 fsw) were made from a nitrox (PiO 2=3.30 ATA)

storage depth of 40.2 msw (132 fsw) on days 2,3 and 4. Eighteen hours

and 45 minutes elapsed between the excursions. No decompression

symptoms resulted from any of the excursions. Twenty hours after the

third and final excursion, an isobaric shift to air occurred. The air

exposure at 5 ATA continued for 24 hours, afterwhich the final

decompression began (at 1000 on day 6). The chamber reached the

surface at 1346 on day 8, for a total decompression time of 51:46; 16

hours of rest stops and 35:46 of travel.

Three of the 12 subjects were classified as having tyca I DCS. All 3

had left knee discomfort, but the time of onset was somnewhat

different. Two of the 3 subjects initially noted sympto7:s at about the

1.5 msw (5 fsw) level, and the other subject noticed sy-,ptoxs about 7

hours af-er surfacing. One of the 2 subjects noting syoms while

still under pressure was treated according to guidelines in the US

Navy Diving Manual (Vol 2)(10) i.e.; recompressed 3 msw deeper than

where symptoms were noted, held for 2 hours while breathing 100%

oxygen (cycles of 20 min. on, 10 min. off), and then resumed the

G=co7ression schedule. Full relief was obtained in this suhjecz

i...ediately on traveling to 4.3 msw (14 fsw), and there was no

recurrence. The other subject with symptoms under pressure was allowed

to :.'Fz:ce (hl did not mention s,';toms until tnis time), and then

S. .. - , Ti'5, whfll ica. :.ocilie,] by eliminating I oxven cerjio
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zj.ificant signs c. symptoms of pulmonary oxygen toxicity (POT) were

pr sent (15). This subj,_t had complete relief 5 minutes into the

first oxvgen period at 18.3 msw, but he had a recurrence of the knee

pain only 30 minutes after surfacing from the treatment. A TT6,

modified by shortening the 9.1 msw (30 fsw) oxygen periods to 20 min,

then resulted in complete relief with no recurrence, and surprisingly,

no further pulmonary symptomatology or decrement in pulmonary

function. The third subject with symptoms, which appeared after

surfacing, was treated with a TT6 10 hours after surfacing. This TT6

was again modified by shortening all oxygen periods to 15 min and

increasing air periods to 15 min, as this subject also suffered

significant ,igns and symptoms of POT (vital capacity drop of 30%)

earlier in the decompression schedule. He had immediate, but partial

relief of the knee pain on compression to 18.3 Vs;*i. The remainder of

the dic-fort resolved over the course of the treatment, and there

was no r currence. Doppler monitoring was not performed during these

. 1) 0 3 -a

Schedule a4

This sche2u2 was :)Iso drive-d usinj eq:uation (I), ith k C. to

1.53 (5 if R in fsw/hr) instead of 1.83. This resulted in slower

,scent rates, which were believed to be prudent as the subjects wee

p:-pchr9- to e sicjnificant sgs I r- i sy].mp of- 1 ?T, cnd ter.

-. s ,', C', -v -C0 n' c su''.Z ts -c r ,'7 , s

. , ( . lO,,,'- _.;t' 2 :CT : '.,r hbe n , : Ls7j ry f or
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S $ The exo-sure for which this sched2ul Was used (AIRSAT 4) is shown in

Fig.IF, and the oxygen orofile of the exoosure is given in Fig. 23.

Briefly, compression to 40.2 msw on a nitrox atmosphere (PiO2 =0.30

ATA) is followed, 12 hours later, by an isobaric shift to air

(PiO 2=1.05 ATA). No excursions were performed. Forty-eight hours after

the isobaric shift, another isobaric shift back to nitrox occurred

(now PiO2=0.50 ATA), and the decompression started immediately (at

2200 on day 3). The partial pressure of oxygen was maintained at 0.50

ATA until the chamber oxygen level reached 21% (at 14 msw)),
0

aft:rwhich, the FiO 2 of 21% was maintained to the surface (decreasing

PiO2). The chamber reached the surface at 1508 on day 6 for a total

dcco:!2rassion tim of 65:03 with no rest periods.

ig--:e- subje-cts, in 6 seoarate but idIe-ntical expos':rfas. he

* c s using th-is schedule. All subjects had significant signs

and sy;-,tz: .s of PO;, which is described in de,!ail el.... re. (37".

During ceco-pression, one subject had onset of bilateral knee

discomfort (left greater than right) on awakening on day 6 at about 3
0

.sw. This discomfort would generally abate before the pressure was

r; . ..: a, 0. ms.; (ev ry 33 rin u s at thi:. point), et vin c".

t it would re-appear. This continued to about 0.6 msw, at which
0

, z 'r; rpidly surfaced and transferred to another chamber. He

: , ..... vI2 reso n of tne ,in at 1 .3 msw on oxygen, and a standair

4  3 c o- r _ s o rec r::nco. ThIc o t- r su1)0cts in
0

.. A.. i .... .t sc:-,i:ie The syTrlt3 -. c

. - , . .
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3 mn session, but VGE ware undetoctable a-ter completion of the TT5.

ihe nG.mbre of subjects with detectable VGE and t- .ean VCE scores are

shcwn in Table 3 below. 'ICE were detected deeper in this schedule,

with one subject having low scores at the 15.2 msw (50 fsw) level. It

is interesting to note that in those subjects with detectable VGE, the

scores did not generally increase as one neared the surface. In fact,

some subject's VGE scores decreased from 3 msw to the surface.

4

6' ", '" . "-. l + mr mlm=,m m i ~ -=mi~i;=lk - ' . . . --
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DiSCuSSIOi

Meaningful comparison of these schedules is almost impossible due to

the relatively small numbers of subjects, the well established

variablity of DCS, differences in the exposures apart from the

decompression schedule, and the binomial nature of the data (18). No

significant differences in the DCS incidence between the 4 schedules

presented here could be detected.

The overall incidence was about 9.1% (7 of 77), and all of the cases

were pain-only, or type I symptoms. Most symptoms began while still

under pressure, and the knee was the only site in this series. This is

consistent with pressurized caisson experience, where the leg was the

most co7nron site in workers exposed to compressed air for prolonged

periods of time (19). Similarily, knee pain accounts for the majority

o DCS sy.o~s in heliox saturation deco,'oresiions and for exposures

of comparable depth, the time of onset is similar (20,21,22). Other

sy-mptoms conmonly associated with deeper heliox saturation exposures

(23), such as vestibular symptoms, were not observed in this series.

Although no statistical differences between the schedules can be

Sn, fr t'r? r-sons stted above, schedule r3 appears some.hat

:." ,ui; it a o.:n- i or.ff.-ost ha.lf of the DCS, but only' one

., t., :.:: .*" .;. -; [ :" .. i r j r- (9 DCS cases of

*......... .. ............... . I ........ .. .. ...... . ..-....... .'ceU t r, _ fr,'- _,. s-tu -'tw en

K ---.., --' " - .." .- , --.. T
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a r c co.binncl .ith tChe results of AIRSAT 3, and compared to a

C_ combination -f the other exposures, then schedule -3 carries a

significantly higher incidence of DOS than the other schedules (28.6

vs 6.2%, P<.002). The explanation for this high DCS incidence probably

resides in the purpose of this schedule; the ascent rates were

designed for helium, not nitrogen, and helium equilibrates more

euickly in most tissues than does nitrogen. Based on these results, it

would appear that further application of this heliox schedule in air

or nitrox saturation exposures is unjustified.

Another factor which may explain the results of schedule #3 is the

timing of the rest periods. In the AIRSAT 3 experiments, the

decompression was timed so that the subjects surfaced at 1345, or just

Iprior to the !400 rest stop. Therefore, the subjects were traveling at

the 0.9L ,n/hr rate since 0600, from about 6.7 msw (22 fsw) all the way

to the surface. Should things have been timed so that the 2400-0600

Srest stop occurra, between 3 ms-. and the surface, the results of this

schedule may have been very different. It seems reasonable that rest

stops should be in relationship to depth rather than the time of the

day.

Equation (1), from which schedules #2 and 94 were developed, is

based upon a retrospective study of many saturation dives. An initial

n: ivsis of 579 heliox man-decomprressions indicated that the average

s .fe rate of asc:nt increes linearly with t .e o::ygen purtial

. r-: (13). ",: z: nsion f t.1mi. an lysis to iL, 2 iox

"--'.... )" -Si. (-o b , , h 1",. * zc2. >-: el y) ccnf',i- ',

L~-- h- f)-- - -
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relationship and suggested that the average ascont rate also decreases

as the saturation depth increases. Analysis of 160 man-decompressions

from air or nitrox saturation dives indicated similar effects, but

with slower ascent rates than those for heliox. The value of the

constant k in equation (1) was chosen based on these retrospective

analyses, and was therefore assumed to depend upon both the depth of

the saturation exposure and the inspired inert gas species.

It would appear that the decompression outcome from the schedules

calculated with equation (1) is somewhat better than a combination of

the results from the other two schedules (2 of 42 vs 5 of 35). The

difference, however, is insignificant (P=0.15). Even if it were

significant, it would be difficult to attribute the difference to the

schedule alone, as there are marked differences in the excursion and

atmosphere para-eters between these two groups of exposures.

Furthecrore, the value of k chosen for use in equaLion (i) produced

ascent rates which were slower than those of sch=$'ules #I or 3, and it

is reasonable that a slightly better decompression outcome would be

produced by slower ascent rates. Whether or not this schedule provides

any decompression advantage, either in safety or efficiency, awaits

further testing. An undeniable advantage of equation (i), however, is

its sitnplicity and flexibility.

Other aspects of these exposures further complicate analysis of the

ieco:p-s ion outcotie. There is som-n early evidence in 3nimls which

-I _ P r: ccreases su3e b l ty to deco nrn s on sicker-s;

r, an-] -c3re? 3i s tt 'oiet p umonIry iicr'.;sc t.o to
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filt2r microenboli (25). Subjects in both AIRSAT 3 and AIRSAT 4

suffered significant sirns and s- mptu s of POT (15,17). Although

suitable control data is not available for comparison, it is

conceivable that those subjects afflicted most severely with POT may

be at increased risk for developing DCS compared to those less

afflicted. Therefore, since the degree of POT can be estimated from

change in the vital capacity (VC) measurement (26,27), one might

expect that those subjects with DCS symptoms would have had greater

decrements in the VC than those without DCS symptoms. There was no

significant difference, however, in the VC decrements between the DCS

and the non-DCS groups reported here. Nevertheless, this crude

analysis does not negate the role of POT, since the VC may not be the

relevant index, or alternatively, more severe POT may be required to

detect an effect.

Not only may POT compromise decompression tolerance, it may also

complicate treatment. Since current treatment reqimern fcr

decompression sickness call for the use of hyperbaric oxygen, a

pre-existing degree of POT may compromise tolerance of the treatment

itself. This was believed to account for an unusual case of POT in at

least one report (9), and was the basis for modifying the treatment

tables used for the cases of decompression sickness described here. It

appears, however, that subjects treated with hyperbaric oxygen for

decompression sickness suffer no further decrement in pulmonary

[unction. The 6 treated c:ses of deconor2ssion sickne3s in tjis report

,0 ro siginificza t rhangr in the VC' iro jCst L Za)r to 7:. -3 te!l "

(4 3 _5 r, 1 9 , A t
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could. reflect success of the treatrenL schedule modifications, it more

tIP[!ly suggests that the effect of an oxygen treatment table is

minimal, once recovery from POT has started.

The presence or absence of excursions, either ascending or

descending, must also be considered in the interpretation of

saturation decompression outcome. Since 44 hours elapsed from the

final excursion to the beginning of the decompression in AIRSATs 1, 2

& 3 (schedules #1 and 3), it seems unlikely that this factor would

significantly affect decompression outcome, especially since no

symptoms of decompression stress were present in any of the subjects

after the excursions. Although acclimatization to decompression stress

as a result of the repetitive excursions is a consiCeration (19), a

benefit from brief "bounce" exposures for a subsequent saturation

uncomoression has never been demonstra-ed. Sympton of DCS did occur

on the ascending excursions in the SUP.LX exposures (schedule L2), and

although only 20 hrs elapsed from the last excursion to the start of

decompression, there appeared to be no correlation of the excursion

results with the decompression outcome. Nevertheless, since little

evidence exists to establish the effect of excursions on saturation

decompression outcome, the presence of different excursions in the

exposuras described here remains a confounding facor in the

interpretation of these results.

S'fficient' _'ordial_ doppler monltori:nj for VCE was not perfor-med

to o r :c,; cc-ri>tion witn sympto .... Ho ever, tl. " son bjacts with

" ,. . ." - " d ..... cul.s r2 a also K.±d h i,; 'ICE scc:" [3c

0
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those schedules. Overall, quantities of VGE were very low. The deeper

.exposures had a tendency to produce detectable VGE earlier than the

shallower exposures, as would be expected.

In conclusion, 7 cases of decompression sickness out of 77

decompressions from nitrox saturation exposures at depths of 18.3 to

40.2 msw are described in detail. The overall DCS incidence rate was

about 9%, and was similar in character and timing with that reported

for heliox exposures. The US Navy heliox saturation decompression

schedule, when used for air or nitrox saturation exposures, appears to

produce a higher incidence of DCS than schedules designed for nitrox.

Differentiation between the schedules designed for nitrox saturation

exposures ;as impossible due to the relatively small number-of

subjects, the difference in exposure parameters, and the binomial

nature of the data. Many more decompressions using uniform,

uncomplicated criteria and procedures, and iricorpor ating more

quantifiable indexes of decompression stress, will bc necessary before

sound concepts of air and nitrox saturation decompression can be

formulated.
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iGUE LF G E.ND3

1. Pressurization profile for all the exposures described in this

resort. A: AIRSAT 1 (schedule #1), B: AIRSAT 2 (schedule #2), C: SUREX

1-6 (schedule =2), D: SUREX 7,8 (schedule #2), E: AIRSAT 3 (schedule

fF3), F: AIRSAT 4 (schedule #4). Clear areas represent air as the

breathing media, and shaded areas represent other nitrogen oxygen

mixtures; crosshatching - 0.30 ATA oxygen, balance nitrogen; dotted

area - 0.50 ATA oxygen, balance nitrogen.

2. Ox y en paftia! pressure profiles for A) AIRSAT 3 and B) ARSAT 4.

The dilu1ent was nitrogen is all cases. The exposures not sh own used

air throughout.
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1. This schedule is the same one used for the Shallow Halbitat Air Dive

experiment (9), with the arbitrary 3 hour s1eep hold at 3.7 msw

deleted.
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TABLE 1

SUBJECT PHYSICAL CHARACTERISTICS

-EXPERIMENT N AGE (yr) HEIGHT (cm) WEIGHT (Kg) BODY FAT(%

AIRSAT 111 25.5+5.0 178+4.0 77.6+7.0 19.8+4.5

(schedule 'T1)j (20-35) (172-185) (69.9-91.2) (14.9-23.0)

AILRSAT 2 12 23833 180+8.0 77.3+9.0 1.+.

(schedule #1) (21-32) (162-189) (61.7-95.7) (11.0-22.0)

*SUREX 24 26+5.0 175+6.5 75.8+8.6 13.3+4.4

-(schedule -r2) (20-38) (164-191) (56.5-94.8) (6.5-24.6)

AIRSAT 312 30.1+3.6 1764+9.0 83..4+10.0 2 1-.

* (cheule~3)(2-36) (162-194) (6.-104.4) (15.0-27.0%

AIRSAT 4 18 29.3+6.9 174+8.3 78.8+9.6 14.0+5.0

(schedule (4) )1-40) (160-136) (61. 7-107 .4) (7.6-28.7)

---------------------------------------------------------------------------------------

*-units expressed as mean + standard deviation, (range).



TABLE 442

- SCHEDULES
-- - , -- --,' - -.- --,- --- - - - -- - - -- - - -- - - - ---,- - - - -- - - -

2 34

DEPTHS RATE DEPTHS RATE DEPTHS RATE DEPTHS RATE

-;' i5 -10 Azz- o
13.3-13.7 33 22. 3-21. 31.3 4916 40.2-30.5 39 40.2-15.2 79 -t

'

10 c -.5 1W 5$,

13.7- d.1 49 21.3-18.3:4 56 1 30.5-15.2 49 15.2-12.2 85 2-.

r o 7 ,*, o040 3'.
6.1- 1.5 108 3 18.3-15.23.17 62 Iq 15.2- 0.0 66 12.2- 9.1 93 3)
1.5- C.0 118 2, 15.2-12.32)1-072 9.1- 6.1 118

-4 3 z2 ,

12.2- 9.1A. ' 82 > 6.1- 3.0 144.41

9.1- 6. 1-o 98 SO 3.0- 0.0 190 53

6.1- 3.06-1"121%

3.0- 0.0;. 157

TOTAL 32:06

L2ME 20:00 34:46 51:42*** 65:08

N. otes:

In meters sea water (msw).
6

•** In minutes per msw.

Includes 16 hours of rest stops (see text).

T;: 7o-: time for schedule from 19.S msw.

6,
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TABLE #3

VENOUS GAS EMBOLI SCORES ON ASCENT

Depth, msw(fswg)

15.2(50) 9.1(30) 6.1(20) 3.0(10) 1.5(5) 0

SCHEDULE 'T2 (N=24)

No. subjects with V Ga 0 0 0 1 5 5

Mean VGE score* 0/0 0/0 0/0 0/1 .4/1.9 .4/2
D>1

SCHEDULE --:4 (N=18)

* No. subjects with VGE 1 2 4 4 -*

Mean 'ICE score* 0/1 0.5/1.0 0.8/2.0 0.3/1.3 - 0.5/1.8

*The means include only those subjects with detectable VGE, not all

of the subjects.

*The onD subject wihDOS (see text) w~ns treated before surfacing, and

had no detectable 'IGE after the treatment.

4q
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TABLE #4

SCHEDULE CHARACTERISTICS AND RESULTS

SCHEDULE SAT DEPTH* EXCURSIONS* TOTAL DC TIME # SUBJECTS DCS SYMPTOMS

1(AIRSAT 1&2) 18.3 30.5 & 45.7 20:00 23 2 (8.7%)

2(SUREX) 19.7 & 22.9 0 32:06 & 34:46 24 1 (4.2%)

3(AIRSAT 3) 40.2 60.4 51:42 12 3 (25%)

4 (AIR3T 4) 40.2 NONE 65:03 18 1 (5.6%,

* - Units are meters sea water (msw).

0 i° ", . .-- . . , - . i . - . , _. i i . i " "
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